Urine total protein determination by a trichloroacetic acid (TCA) precipitation method was automated on a Cobas Bio centrifugal analyser. The assay measures the turbidity at 420 nm when a 50 ul, sample is mixed with 150 ul, of 30 g/L TCA at 25°C. Samples up to 5 g/L can be measured by this method and interference due to pigments and turbidity can be minimised by running a blank with 1·25% hydrochloric acid (HCI) instead of TCA. The standard curve is stable and can be stored in the microcomputer and used again.
Turbidimetric measurements of urine total protein are widely used in clinical laboratories. because of their simplicity and ease of use. The use of TCA in this measurement has been well studied. I and has been systematically compared with other methods." The method has been adapted for automation in the continuous flow analyser;' however. it may be affected by carryover. We have adapted the manual method of Meulernans" to thc Cobas Bio centrifugal analyser. and compared the results obtained with this automated method with that of the corresponding manual TCA method." sulphosalicylic acid/sodium sulphate turbidimetric method." benzethonium chloride turbidimetric method." the Coornassie brilliant blue dye-binding technique 7 and the biuret method with the Astra-S analyser. Although the biuret method is not routinely used for measuring urine protein owing to the presence of interfering substances. we have included this method for comparison purposes. 
Materials and methods

Automated method
The Cobas Bio sample tray was loaded with 14 specimens. consisting of a water blank, nine standards in ascending order of concentration. two controls and two samples. Each sample was reacted with trichloroacetic acid (30 g/L), and HCI (I.2S'X.) in different cuvettes but in the same analysis. This was done by taking advantage of the multi-run mode" unction of the analyser. Each standard. control and sample was pipetted twice. After trichloroacetic acid was added to the first 14 cuvettes, reagent was changed to HCI and added to the next 14 cuvettes. The HCI blank was used to reduce pH dependent colour interference from urinary chromogens.
All absorbance readings were transmitted to the UP 85 which constructed a standard curve by third order polynominal curve fitting and calculated the result of samples.
The Cobas Bio was programmed as follows:
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Benzethonium chloride method: 0·1 mL of sample was mixed with 4·0 mL of 33 mmol tetra-sodium EDTNL 0·5 M NaOH solution. and I·() mL of 2% (w/v) benzethonium chloride solution was added and incubated for 40 min at room temperature. absorbance was read at 600 nm.
For the Coomassie brilliant blue and Astra-S biuret methods. the procedures used were exactly as recommended by the manufacturers. The standards used for the comparison methods were the same as that for the automated methods except the Astra method. for which the standards were purchased from Beckman Instruments Inc. The standard range studied extended from 0·15 to 5 g of protein per litre. The standard curve was slightly sigmoidal. It was linear between O· 3 and 2 g/L and flattened off below and above this range (Fig. I) . This finding was similar to that previously reported." We have used nine concentrations of standards in order to cover a wide range.
Results and discussion
We obtained the optimum assay conditions by following the reaction between TCA and various concentrations of protein standards at different times and temperatures (Fig. 2) . The time reaction curve showed that the turbidity hecame stable at 320 s, the absorbance changed very lillie after this time period. It was noted that there was a slight increase in turbidity with increasing reaction temperature. For this study. we measured the reaction at 320 s at a reaction temperature of 25°C. At the optimum reaction time and temperature the õ turbidities produced by different concentrations of human serum Cohn's fraction Y were found not significantly different from that of a protein standard with an albumin and globulin ratio similar to that of serum (Fig. 3) .
The absorbance for the standards was reproducible, the between-day CY ranged from 1'~' 5%. The stability of the standard curve enabled us to store it in the HP 85 and use it to calculate results of samples in subsequent runs. The advantage of this was that we could obviate the need to run a standard curve in every batch, hence the number of samples could be increased to 13. However, we observed that different batches of TCA gave significantly different absorbance readings for the standards. The absorbance of standards varied by 10% at 0·159 giL and 1·2% at 4·93 giL when two different batches of TCA reagent were used. Therefore, we recommend a nine-point standard curve with every new batch of TCA. Different batches of HCl, on the other hand, did not produce significantly different blank absorbances. The within-run precrsion of the method was determined by 32 replicate analyses of three samples containing protein with concentrations ranging from ()·49 to 2·89 giL. The between-run precision of the method was determined similarly by analysing samples with protein concentrations between ()·16 and 1·19 giL for 20 times on different days. The results are shown in Table 1 .
RECOVERY
The recovery of the assay was assessed by adding protein at concentrations from 0·64 to 1·82 giL to two urine samples and the analytical recovery was 100·5% (range 95-106·5; n=12).
INTERFERENCE
The effects of urine pigments and turbidity on the assay were studied by assaying urine samples, which were heavily pigmented and turbid with optical densities of 1·4,1·5,2·6 and 2·7 at 420 nm before and after adding appropriate amounts of protein standards. The recoveries were 118, 108, III and 116% respectively, the Automated TeA precipitation method 143 mean being 113%. For a urine with a background optical density of 0·5 the recovery was 106%.
Positive interference in the assay by turbidity and pigments was a result of non-linearity and imprecision of the assay due to deviation from Beer's law at high optical densities.
COMPARISON STUDY
Comparison of results of the automated assay with other techniques is summarised in Table 2 .
With the corresponding manual method, the results were not significantly different between the two methods (t=0·48 by Students' paired r-test; n=39), and the results were highly correlated (r=0·98) with a slope of 1·00 and intercept 0·012 giL (automated = 1·00 manual + 0·012). The automated TCA method also compared well with other turbidimetric methods, r=0·96 for sulphosalicylic acidsodium sulphate method, and a 0·99 for benzethonium chloride method ( Table 2 ). The results obtained by the sulphosalicylic acid! sodium sulphate method were not significantly different from that obtained by the automated method (t=0·27; n=33).
Protein concentrations measured by the automated method were significantly lower than by the benzethonium chloride method (P<0·05; n=46) and Coomassie blue and biuret methods (the slope of regression line was 0·86 for Coomassie brilliant blue and 0·88 for Astra-S biuret method).
TIME AND COST
The total time spent for the analysis and calculation of 14 samples in a single run was less than 25 min, compared with the 60 min required by the manual method. The major cost of the automated method was the disposable cuvette for the Cobas Bio. Reagent cost was small and the total cost for each sample was about 7 pence.
Conclusion
We have automated the TCA procedure for measurement of urine total protein using the Cobas Bio centrifugal analyser. With the conditions described above, the automated method is suitable for routine clinical use.
This method correlated well with the manual trichloroacetic acid method, and also with other turbidimetric methods, but it has a positive bias in comparison with the Coomassie blue or biuret methods.
The automated procedure is faster and more suitable for routine work, and has replaced the previous manual procedure for the measurement of urine protein in our laboratory.
